Although many mathematical models exist predicting the dynamics of transposable elements (TEs), there is a lack of available empirical data to validate these models and inherent assumptions. Genomes can provide a snapshot of several TE families in a single organism, and these could have their demographics inferred by coalescent analysis, allowing for the testing of theories on TE amplification dynamics. Using the available genomes of the mosquitoes Aedes aegypti and Anopheles gambiae, we indicate that such an approach is feasible. Our analysis follows four steps: (1) mining the two mosquito genomes currently available in search of TE families; (2) fitting, to selected families found in (1), a phylogeny tree under the general time-reversible (GTR) nucleotide substitution model with an uncorrelated lognormal (UCLN) relaxed clock and a nonparametric demographic model; (3) fitting a nonparametric coalescent model to the tree generated in (2); and (4) fitting parametric models motivated by ecological theories to the curve generated in (3).
Transposable elements (TEs) are parasitic DNA sequences that can constitute the majority of the genome in eukaryotes. Class I TEs are retroviral-like elements that transpose by means of a reverse transcriptase, whereas class II TEs transpose by means of a transposase enzyme. Miniature inverted-repeat TEs (MITE) are nonautonomous elements that parasitize transposases from autonomous (possibly class II) elements. Other nonautomomous elements, possibly parasitizing class I retrotransposases, also exist. They can insert in different places within a host genome (transposition), changing location, and/or increasing copy number during successive generations.
TE host invasion is accomplished through a mechanism of self-replication that increases the element copy number in the gametes, thus "cheating" Mendelian segregation law. To the extent that this cheating of the Mendelian segregation law is numerically larger than the host fitness cost, the element succeeds in establishing itself into a new genome (Ribeiro and Kidwell 1994; Silva et al. 2004b) . Each event of transposition, however, can antagonistically decrease host fitness while increasing the frequency of TE-bearing gametes. Accordingly, successful invasion is predicted to be associated with TE regulation at the organism level, a function depending on TE genomic copy number and with total invasion of the host species by the TE at the population level (i.e., every member of the species carries the element). Eventually, mutation of most, or all, element copies leads to degeneration, and only inactive remnants of previous invasions are detected in the form of degenerate sequences of reverse transcriptases, transposases, or terminal repeats (Robertson 1993; Lohe et al. 1995; Clark and Kidwell 1997) . Different species vary in their total TE genomic content; this may be due to their refractoriness to TE invasion and/or to the speed at which they can remove TE sequences following TE invasion.
Common to the previous modeling exercises of TE invasion is the lack of empirical data against which the putative models could be fitted and checked. This situation could be remedied, at least in part, by exploring the analytic potential of coalescence models fitted to molecular data (Pybus et al. 2001b; Drummond et al. 2002; Brookfield 2005b; Katzourakis et al. 2005; Brookfield and Johnson 2006; Johnson and Brookfield 2006) . Although the initial coalescent models proposed have been restricted to very simple demographic scenarios, such as constant size and exponential or logistic growth, more recent models can relax those assumptions and allow for more complex population trajectories . The demographic component implied by this approach is of great interest because it can help in identifying the molecular and ecologic approximate conditions under which a TE spreads through a host population.
In this context, the interaction between mobile DNA sequences and the organisms in which they reside encompasses a more general framework, referred to in the literature as the "ecology of the genome" (Kidwell and Lisch 2001; Brookfield 2005a ) and can be assessed using a modeling approach analogous to the field of population dynamics. Although coalescence has been classically used to study genetic variation of single genes in a population (Marjoram and Tavare 2006) , its methodology has also been successfully used to track RNA virus variation, such as HIV evolution, including virus demographics in single individuals (Rodrigo et al. 1999; Seo et al. 2002; Lemey et al. 2003; Robbins et al. 2003; Paraskevis et al. 2004; Hue et al. 2005; Lemey et al. 2005; Carvajal-Rodriguez et al. 2006; Edwards et al. 2006a,b; Kuhner 2006) , and even to estimate the basic reproductive number (R 0 ) of hepatitis viruses (Pybus et al. 2001a) . Coalescent theory, however, has never been used to attempt reconstruction of TE dynamics using TE sequences found in whole genomes.
We here test the use of coalescent models to predict the demographics of TEs found in mosquito genomic sequences. Our analysis follows four steps: (1) mining two mosquito genomes in search of TE families; (2) fitting, to selected families found in (1), a phylogeny tree under the GTR nucleotide substitution model with a uncorrelated lognormal (UCLN) relaxed clock and a nonparametric demographic model; (3) fitting a nonparametric coalescent model to the tree generated in (2); and (4) fitting parametric models motivated by ecological theories to the curve generated in (3). The results indicate that the predicted amplification trajectories of the elements tested conform to the known biology of their families (explosive amplification of autonomous class II elements, long-term stability of class I, and staggered progression in MITEs) (Silva et al. 2004b) , suggesting that the power of coalescent models can be applied to the study of the evolution of TEs found in whole genomes.
Materials and Methods

IDENTIFICATION AND CLASSIFICATION OF TEs
The algorithm used to identify and classify TEs was based on characteristic patterns of local alignments induced by these repeats and is implemented in the software PILER (Edgar and Myers 2005) . As input data to PILER, we used the published (release 37, Feb/2006) genomes of the mosquitoes Anopheles gambiae (Holt et al. 2002; Mongin et al. 2004) (Jurka et al. 2005) and TEfam (available from http://tefam.biochem.vt.edu/tefam/). The sequences were also checked for similarities and relatedness to transposase and other TE-coding sequences deposited in several databases. This material is organized as a spreadsheet database, analogously to AnoXcel (Ribeiro et al. 2004 ) and available upon request from the authors. In this work, we concentrate our attention on 4 TE families with 19 members or more. The Tc3 (Class II) and Juan (Class I NLTR) families used in this work have been previously described (Shao et al. 2001; Biedler and Tu 2007) . We additionally include in our analysis two novel transposons, a novel retrovirus found in Ae. aegypti named BossaNova and a very abundant MITE found in An. gambiae (containing 176 members and a palindromic terminal repeat of 18 nucleotides). The Supporting Information Appendix S1 makes available the DNA sequences and descriptive statistics of the families that are the object of our attention.
After we applied the above pipeline, we became aware of the work by Smith et al. (2007) . The sequence of steps we took is very similar to theirs, the main differences residing in the way we checked for similarities and relatedness to transposases and other TE-coding sequences deposited in the various databases.
SEQUENCE ALIGNMENT
Multiple alignment of the sequences in each family was obtained using the programs MUSCLE (Edgar 2004) , BlastAlignP (Belshaw and Katzourakis 2005) , and T-Coffee (Notredame et al. 2000) . Some of the families, such as Juan, were too numerous to be handled by T-Coffee. Where possible, we compared all three alignments as judged by the "aln_compare" option under T-Coffee (data not shown). The final alignments used in this work were obtained with the program MUSCLE with parameters set to yield maximum accuracy.
PHYLOGENY RECONSTRUCTION
The past population dynamics of a TE family, here interpreted as the amplification dynamics, can be inferred from nucleotide sequence data using a population genetic model called the coalescent (Kingman 1982; Griffiths and Tavare 1994) . The coalescent framework requires a demographic model that describes the effective population size through time. Our analysis is based on the reconstruction of a phylogeny tree as a function of a demographic process and a nucleotide substitution model. As an outcome of the analysis, we concurrently obtain estimates of the evolutionary rate, the parameters of the nucleotide substitution model, the phylogeny, and the ancestral population dynamics. We are mostly interested in the latter. The reconstitution of the demographic process followed a nonparametric approach, which can then be used as a first approximation toward identifying an appropriate parametric demographic model (Drummond et al. 2005) .
The analyses presented here were performed under a Bayesian framework using a new class of relaxed-clock models able to estimate simultaneously the phylogeny and divergence times. The method is described in Drummond et al. (2006) and implemented in the program BEAST. For each alignment considered here, we allowed the application to run for 100,000,000 steps following a discarded burn-in of 20,000,000 steps. The general properties of the chain and convergence of the chain to a stationary distribution were visually inspected using the software Tracer 1.3 . Additional options, common to all datasets, include the choice of the GTR model of nucleotide substitution (Rodriguez et al. 1990 ) with gamma-distributed rate heterogeneity among sites (Yang 1994 ) and a proportion of invariant sites. We also assumed a Bayesian skyline coalescent prior (Drummond et al. 2005) and fixed the mean substitution rate to 1 in all analyses, resulting in time being in units of substitutions per site.
BAYESIAN NONPARAMETRIC INFERENCE OF DEMOGRAPHIC HISTORY
BEAST outputs a smooth estimate of the demographic function using the Bayesian skyline method (Drummond et al. 2005) , which does take the phylogenetic error into account but requires that the amount of smoothing be fixed a priori. A related method developed by Opgen-Rhein et al. (2005) relaxes this requirement; however, this approach takes the phylogeny tree as fixed and, unlike the Bayesian skyline plot, does not take phylogenetic error into account. The intervals given by this latter approach are expected to underestimate the true interval.
The algorithm described in Opgen-Rhein et al. (2005) has been implemented as function "mcmc.popsize" as part of package APE (Paradis et al. 2004 ) and written in the statistical computer language R (R Development Core Team 2007). Katzourakis et al. (2005) have suggested a simple deterministic model with four parameters to describe the dynamics of the human endogenous retrovirus reconstructed from phylogenetics data,
PARAMETRIC ECOLOGICAL MODELING
with the following notation: A, replication-active elements; I, replication-inactive elements; b, rate of fixation of new elements in the host population; p, proportion of new elements that are replication inactive as a result of mutations accumulated through time; i, rate of inactivating mutations, per active element, generated by the process of host germline cell division; d, rate of removal from the genome of both active and inactive elements by recombinational deletion. Rates b and d represent, respectively, the fixation of birth and death events in the host population. This model can be directly fitted to the nonparametric description of the demographic dynamics that was generated as an output of mcmc.popsize (Opgen-Rhein et al. 2005) . Model fitting occurs under a Bayesian framework using WinBUGS Markov chain Monte Carlo (MCMC) software (Gilks et al. 1994) . This software has the flexibility of a simulation-based approach to estimate parameters of models described as systems of differential equations when used in conjunction with WBDiff (WinBUGS Differential Interface (WBDiff )) available from: www.winbugsdevelopment.org.uk/, an add-on to WinBUGS. Similar to other MCMC approaches, the properties of parameter estimates can be investigated by simulation from a posterior distribution.
The above setup provides a flexible environment in which to investigate alternative models in population ecology. We fitted models that accommodate distinct population growth patterns accounting for population regulation and limiting factors originating from density-dependent mechanisms and interaction between active and inactive elements (Quesneville and Anxolabehere 1998; Le Rouzic and Deceliere 2005; Struchiner et al. 2005; Le Rouzic and Capy 2006) . The system of differential equations described next is an example of the kind of mechanisms determining TE dynamics that can be investigated in this setting
Model (2) differs from model (1) in three important ways: (1) we allow for different deletion rates for active (d A ) and inactive (d I ) elements; (2) all elements are born active (P = 0); and (3) the birth rate is inversely proportional to the number of inactive elements (l) and k is the background regulation mechanism of TE replication, i.e., the resultant element birth regulation in the absence of inactive elements. Informal model comparison is obtained via a deviance information criterion (DIC) as described in Spiegelhalter et al. (2002) .
Results
Our goal was to use coalescent models to verify whether a statistical evaluation of different mathematical models of TE life histories fitted to the historical demography of particular element families is realistic. Toward this end, we selected four representative samples among the TE families detected using automated de novo repeat identification and classification procedures as implemented in the program PILER (Edgar and Myers 2005 identification algorithm is based on the signature left by characteristic patterns of local alignments induced by these repeats present on the genome assembly for the African malaria mosquito, An. gambiae, and for the yellow fever mosquito, Ae. aegypti. Our samples contemplate representatives from distinct mechanisms of transposition leading to large copy numbers, including RNAmediated (Class I) and DNA-mediated (Class II) as well as MITE families (Table 1) . Autonomous Class I retrotransposons of the type containing long terminal repeats were not abundantly found in the mosquito genomes searched by our pipeline, having less than 20 copies per genome, and were not further investigated, because coalescent theory predicts that a random sample of size n has a probability to contain the most recent common ancestor (MRCA) according to (n − 1)/(n + 1), thus a sample of size 19 has 90% and one of 39 a 95% chance to contain the MRCA for that group (Saunders et al. 1984; Nordborg 2001) . The actual sequences used in this work, as well as a table summarizing the families studied, is available from the Supporting information. Each of the four datasets was analyzed using the program BEAST with a UCLN relaxed clock . For all analyses, the GTR (Rodriguez et al. 1990 ) model of nucleotide substitution was used with gamma-distributed rate heterogeneity among sites (Yang 1994 ) and a proportion of invariant sites. A Bayesian skyline coalescent prior (Drummond et al. 2005 ) was assumed. The final tree topology for each family was selected from the Bayesian posterior distribution using a maximum clade credibility criterion. The target tree, along with the information from a sample of trees produced by BEAST summarizing the posterior probabilities of the nodes in the target tree, the posterior estimates, and 95% highest posterior density (HPD) intervals of Next, we inferred the demographic history from genealogical trees using the method described in Opgen-Rhein et al. (2005) . In this context, inference and model selection is done using reversible jump Markov chain Monte Carlo (rjMCMC). We used the phylogeny reconstructed by BEAST as input data to this method. Figure 1 presents the different profiles under which the effective population size (Emerson et al. 2001 ) unfolds in time. Tc3 and BossaNova families (Fig. 1A,D) , both representing autonomous elements, exemplify amplification trajectories that rises explosively at first, reaching an equilibrium thereafter. Juan and Mighty families (Fig. 1B,C) have a much slower start up and increase, following a pattern apparently determined by a fluctuating growth rate.
Having collected empirical data on TE dynamics from mosquito genomes and established their demographic history, we can use these data to fit competing copy number growth models, diagnosis model fitting, and estimate model parameters and associated uncertainty in the estimation process. Among several possible models that could be considered, those described (see Materials and Methods) by the systems of differential equations (1) and (2) take into account different mechanisms determining TE dynamics. Both models discriminate between active and inactive elements. Notice that this terminology is distinct from autonomous and nonautonomous elements. For example a nonautonomous element may be active (by means of some transposase) and become inactive when it loses the necessary completeness of its inverted repeats. In model (1), the growth of TEs is limited solely by the deletion rate common to both inactive and active elements. In model (2), active and inactive elements carry their 
Parametric trajectories described by models (1) (thin line) and (2) (thick line) fitted to the nonparametric demographic history (dashed lines) reconstructed from Tc3 phylogenies. Logarithmic scale is used for the y-axes in (A), and linear scale is used for the y-axes in (B). (C) and (D) Individual parametric trajectories of active (dot only), inactive (dot and dash), and total (continuous) elements in models (1) and (2) for Tc3 family. Continuous line describing total elements was omitted from (C) for clarity.
own deletion rates. An additional control mechanism dependent on density of inactive elements is also put into action. We fit both models to the demographic histories obtained as above using the WBDiff interface for WINBUGS (see Materials and Methods). Figure 2 shows the observed demographic histories and those predicted by models (1) and (2) for the Tc3 family. Model (2) provides a good fit for the Tc3 trajectory. In particular, model (2) describes well the more recent stable behavior of Tc3 family (Fig. 2B) . Model (1) does a good job for most of the Tc3 trajectory but fails to fit its most recent behavior by predicting a downward trend instead of the observed stability. The 95% HPD interval of the posterior parameter estimates for both models fitted to the Tc3 and Mighty families are presented in Table 2 . Figure 2C and D shows the trajectories of active and inactive elements for the Tc3 family predicted by each model using the parameter estimates presented in Table 2 . The predicted trajectories of Tc3 active and inactive elements (Fig. 2D) are biologically plausible under model (2). Active elements follow a trajectory similar to an epidemic outbreak and are postdated by the inactive elements. The density-dependent mechanism, with inactive elements controlling the growth of active elements, allows for a dynamic equilibrium with both forms coexisting in recent times. Under model (1), the trajectories of active and inactive elements seem to favor the master gene hypothesis (Deininger et al. 1992) , where a small number of active elements maintain the family prevalent among the host population. Model (1) also implies a higher turnover (higher birth, inactivation, and deletion rates) of elements than the dynamics implied by model (2); however, these predictions are not compatible with the observed stability in more recent times (Silva et al. 2004b ). 
DIC (deviance information criterion) statistics described in Spiegelhalter et al. (2002).
Both models fit poorly the observed trajectory for the Mighty MITE family, which lacks transposase (Fig. 3) . As expected, this family seems to follow neither the master gene hypothesis nor the simple inactive element-based density-dependent regulatory mechanism implied by model (2). Mighty observed trajectory seems to be the composite outcome of complex mechanisms, either host originated or, more probably, TE originated (Quesneville and Anxolabehere 1998), as the product of TE reinvasions or reactivation and the interaction with transposase acting in transproduced by other families present in the same mosquito host. We have not tested for alternative mechanisms other than those presented here. Also, BossaNova follows a dynamics similar to Tc3, and Juan experiences an amplification pattern similar to Mighty except for the "bumpy" behavior displayed by Mighty. Because we only intended to provide a "proof of concept" that the parametric modeling could be informative, we have not pursued the model fitting exercise to these two additional families.
Discussion
Here, we describe the amplification dynamics of four specific TE families found in the draft genomes of the dengue and malaria mosquito vectors, using coalescent theory, a population genetic model that describes how the demographic history of a population determines the ancestral relationships of individuals sampled from it. Our approach should be regarded as the best possible approximation given the lack of empirical data generated by experiments explicitly targeting this objective. Are the results presented in this article sound and can they stand up to closer scrutiny?
The following points should be carefully considered in putting our contribution into perspective: (1) the probability sampling mechanism leading to the data used in our analyses cannot be easily expressed explicitly. The assembled genomes are the product of the DNA sequencing steps applied to a group of inbred but nonclonal individual mosquitoes reared in laboratory cages. Indeed, the number of different haplotypes made it difficult to assemble the genome of An. gambiae (Holt et al. 2002) , and the draft genome of Ae. aegypti consists of over 1000 scaffolds; only 35% of the total nucleotide sequence has been assigned to particular chromosome arms (Nene et al. 2007 ). Many of these scaffolds consists of relatively small pieces of DNA sequences that could not be assembled in great part due to the presence of repetitive DNA, in many cases the result of transposable elements that vary from individual to individual in their chromosomal insertion sites. In the case of the An. gambiae genome, these unmapped sequences are collectively joined in the so-called unknown chromosome, where many TE sequences are found. Accordingly, the final DNA sequence posted to the database and subjected to the analysis may not reflect precisely the actual genomic material of any of the contributing individual mosquitoes. Nevertheless, the available set represents at worst a sample snapshot of the current population of TEs in an organism. As mentioned above, coalescent theory predicts that a random sample of size n has a probability to contain the MRCA according to (n − 1)/(n + 1) (Saunders et al. 1984; Nordborg 2001) , allowing proper use of coalescent methods to investigate TE phylogeny and demographics from these draft genomes, when families of sufficient size are used. (2) The phylogenies reconstructed here require a multiple sequence alignment as input. By specifying the alignment, we are implying that all the nucleotides in a given column are homologous to one another. We make use of automated methods of alignment in two instances in our work: (i) as the first step in the automated de novo repeat identification and classification procedures, and (ii) the multiple alignments of the sequences comprising each family and used as input data for the reconstruction of the tree topology. The results of phylogeny programs are sensitive to changes in the alignment, and this source of uncertainty is not accounted for in the analysis. (3) TEs follow a complex "life cycle" (Silva et al. 2004a) . With the passage of time, all TE sequences degenerate, and after a hundred million years or so, they become unrecognizable. The method of TE detection used is capable of identifying remnants of previous invasions in the form of degenerate sequences representing intermediate steps of the whole process. Truncation of our analysis to the first steps of TE life cycle is an imposition of the methodology used. (4) Most phylogenetic methods assume that the evolutionary dynamics of the nucleotide sites are independently and identically distributed and that they evolved under the same stationary, reversible, and homogeneous conditions. These assumptions arise from the need to render phylogenetic methods tractable and easy to use, and they are unlikely to be realistic. The model of nucleotide substitution used here accounts for the observation that different sites in a nucleotide sequence may evolve at different rates by modeling rate heterogeneity across sites using a distribution. We used this approach for the whole alignment but did not consider that different parts of the alignment may require different distributions. For example, mutations caused by reverse transcriptase occur at a rate order of magnitude higher than "normal" mutations (Lemey et al. 2007 ), but these should occur in a relatively short period of the element's invasion, thus sharpening the explosive amplification trajectory type. Nor did we consider that variation among some sites is not independent and that the distribution of variable sites may vary across sequences. (5) Recombination has been proposed as a confounding factor in the reconstruction of phylogenetic trees (Posada and Crandall 2002; Carvajal-Rodriguez et al. 2006) . Recombination can occur in adjacent copies of very similar sequences, and recombinant hybrid P elements have indeed been described in Drosophila (Svoboda et al. 1995) . A recent work analyzing recombination in Drosophila's P elements indicated not only the recombination rates to be small, leading mostly to deletions or inversions, but also fusion of truncated elements (Liang and Sved 2009) . A logical extension to the work would be to partition the alignment and estimate the evolutionary rates for different TE structures separately. Violation of the assumed stationary, reversible, and homogeneous conditions or the lack of additional mechanisms inducing genome heterogeneity, such as recombination, may lead to compositional differences in the aligned sequences and hence to errors in phylogenetic estimates.
The TE copy number trajectories presented here can be interpreted as the composition of four main regulatory mechanisms: (1) host population regulation, (2) host−TE interaction through the impact that TEs might have on host fitness, (3) hostoriginated mechanisms of regulation of TE dynamics, and (4) TE self-regulation (Quesneville and Anxolabehere 1998; Struchiner et al. 2005) . The intricate dynamics between TEs and their host genomes are further complicated by the ability of some TEs to reinvade their original host genome (Silva et al. 2004a ) and the demographic dynamics of the vector population. Coalescence exponential models fitted to mitochondrial sequence data in three closely related species of mosquitoes, Anopheles dirus species A, C, and D, from Southeast Asia indicate a large population expansion (Walton et al. 2000) . Separating the confounding effects of the above mechanisms on the long-term population history of TEs and their hosts can be difficult. Models (1) and (2) used to fit the data are clearly inappropriate to capture all the complexity determined by the various regulatory mechanisms involved and should be regarded as "null models," that is, models that function as the starting point against which more elaborated hypotheses can be tested.
We used the most flexible methods currently available to estimate the effective population size from the reconstructed phylogeny trees. These methods do not explicitly allow for the mechanisms of TE activation and inactivation, and the amount of imprecision implied by using coalescent models to estimate the numbers of TEs of various types and activities in the past is not known. The approach adopted here serves the purpose to collect the available empirical evidences, albeit imperfect as they are, and inform future simulation exercises on the evolutionary trajectory of those elements. The next step in this research agenda will be paved by revised models that explicitly account for the TE life cycle in the coalescent models. Therefore, estimates of demographic patterns can be distorted by bouts of TE replication, and quiescence and caution should be exercised in the analyses before jumping into the conclusions. However, the simulation studies done by Katzourakis et al. (2005) indicate that the tree patterns can discriminate among different levels of activity implying that general demographic patterns, such as explosive invasions or multiple periods of growth, can still be recovered.
Because reconstructed phylogenies represent time in units of nucleotide substitutions per site, some parameters are estimated as functions of the substitution rate. These parameters can be transformed back into their natural units using the substitution rate of the TE family concerned. We made no attempt to guess TE mutation rate and express parameters and graphs in natural units of time; however, if we assume that the mutation rate in mosquitoes is similar to Drosophila melanogaster (HaagLiautard et al. 2007) , near 1×10 −8 per generation and assuming 10 generations per year, a rough value for mosquito mutation rate of 1×10 −7 per year may be used to translate to time the events shown in Figure 1 . The explosive amplifications of TC3 and BossaNova thus might have occurred at 3.3 and 2 million years ago, respectively. To the extent these amplifications occurred immediately following TE invasion of their host genomes, the figure for the An. gambiae TC3 element indicates the invasion occurred much after the separation of the Anopheline and Culicine subfamilies, about 150 million years ago, and thus this invasion should not be reflected in the Aedes genome. Similarly, BossaNova invasion of the Aedes genome should not have affected Anopheles; however, the sibling species of An. gambiae should show TC3 invasions, as they might have originated much later at only 6000 years ago, coincident with human agricultural settlement (Ayala and Coluzzi 2005) . The proposed genome sequencing of the sibling species of An. gambiae should reveal Tc3 in all subspecies. The demographic dynamics of a population reconstructed via coalescent theory has proven useful in different contexts in which the premises of this analytic approach cannot be completely fulfilled. Similarly, using the same approach, we inferred for all TE families in our analysis, biologically plausible dynamics compatible with both common knowledge in the literature and the results of theoretical simulation models. Our results suggest that coalescent theory can also yield approximate TE demography and dynamics using genome sequences, thus allowing estimates of population parameters and supplying the empirical data necessary for TE population model hypothesis testing. Because JMCR is a government employee and this is a government work, the work is in the public domain in the United States. Notwithstanding any other agreements, the NIH reserves the right to provide the work to PubMedCentral for display and use by the public, and PubMedCentral may tag or modify the work consistent with its customary practices. You can establish rights outside of the U.S. subject to a government use license.
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